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Thestructureof thetitlecompoundf(C7H~OsU)-
(C7HI1N2)]2 hasbeendeterminedby Pattersonand
FouriermethodsfromsinglecrystalX-raydiffraction
datacollectedon a four-circlediffractometer.Full-
matrixleast-squaresrefinementyieldeda final con-
ventionalR of 0.041for 2189reflections.Thecom-
plex crystallizesin the spacegroup PI with a =
11.004(5),b=9.981(5),c=9.928(5)A,a=119.6(3),
~=107.7(3),-y=81.9(3/,Dm=2.17,Dc=2.173g
cm-3.
Thestructureis dimeric.Theuraniumatomsare
eight-coordinateand are bridgedvia centrosym-
metricallyrelatedcarboxylicoxygenatoms.The
nitrategroup is bidentateand the averageU-O
(ligand)distanceis 2.463A. Hydrogenbondingof
thetypeN-H- - -0 linkstwodimethyl-aminopyridine
moleculestothedimer.
Introduction
The X-ray structuraldeterminationof the title
compoundwas undertakenas part of a general
programinvestigatingpyridineadductsof uranyl
complexes.
Experimental
Preparationof theComplex
Solutions containing 1 g U02(N03)2-6H2O
dissolvedin 10g methanoland0.6g salicylicacid
dissolvedin 20mlmethanolweremixed.To thiswas
addeda solutioncontaining0.2g4-dimethylamino-
pyridinedissolvedin 10mlmethanol.Afterallowing
to standat roomtemperaturefor 2 days,deepred
crystalswereprecipitated.Thesewerewashedwith
methanolandair dried.Anal. calculatedfor [CI4-
H1sN3OsUh:C 28.42,H 2.53,N 7.10;experimen-
tally found:C 28.5,H 2.6,N 7.0%.The figures
agreedcloselyenoughto suggesthe formulation
[U02N03(salicylicacid)-(dimethylaminopyridine)]2
which was subsequentlyconfirmedin the X-ray
determination.
CrystalData
The densitywas determinedby flotationin a
mixtureof m-xylene(p =0.86gcm-3)anddiiodo-
methane(p =3.31 g cm-3). Preliminaryoscillation
andWeissenbergphotographsgavePI or PI asthe
possiblespacegroupwiththelatterbeingconfirmed
by thesuccessfulstructuralanalysis.A singlecrystal
wasgroundintoa sphereof radius0.18mmusing
a devicesimilarto thatdescribedby Bond[1].This
crystalwasusedfor thedatacollection.Thelattice
constantswereobtainedfromaleastsquaresanalysis
of thesettingsof 25reflectionsmeasuredona four-
circle diffractometer with MoKa radiation (A =
0.71069A).
[(C7H4NOsU)(C7HllN2)]2
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[(C7H4NOsU)(C7H11N2)]
Dm: 2.17gcm-3
Dc: 2.173gcm-3for Z= 1dimer
tl(MoKa): 86.08cm-1
V: 903.25A3
F(OOO): 552
SpaceGroup:PI afterstructure
determination
Figuresin parenthesesarethee.s.d'scalculatedfrom
severalmeasuredvaluesof theparameters.
Molecularformula:
Molecularweight:
Asymmetricunit:
a: 11.004(5)A
b: 9.981(5)A
c: 9.928(5)A
a: 119.6(3t
~:107.7(3t
-y: 81.9(3t
IntensityData
Theintensitydatawerecollectedon aPhilipsPW
1100computer-controlledfour-circlediffractometer
operatingin the vr2e scanmode(scanwidth=
1.50oeandscanspeed=0.05°eS-I). The background
andscantimeswereboth30seconds.Usinggraphite-
monochromatedMoKa radiation,2214reflections
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up to 20 = 440weremeasured.Of these25were
omittedas they did not satisfythe condition Irel>
3a(Irel)foranobservedreflection.
Throughouthe courseof the datacollection
processthreestandardreflectionsweremeasured
after every56 reflectionsto ensurestabilityof
operationand to monitorany crystaldecomposi-
tion. These remainedconstantto within :1:4%.
Lorentz-polarizationcorrectionswereappliedto the
data.Absorptioncorrections[2] werecarriedout
with A* for aspherewith J1R = 1.55.
StructureDeterminationa dRefinement
TheuraniumatomwaslocatedfromaPatterson
map. A differencemapwascalculatedwiththe
weightingschemew = exp(-gsin2O/th2)in which
s is thevalueof sinO/A forwhichtheweightis half
thatat 0 =O.With a valueofs=0.5thedifference
mapyieldedthe positionsof all thenonhydrogen
atomsanda residualindexvalueof R = L (IIF 0 I -
IFcll)/LIFol = 0.166. Full-matrixleast-squares
refinement(SHEL-X programsystem[3]) with
the uraniumatomanisotropicand the remaining
nonhydrogenatomsisotropicyieldedanR of 0.041.
The functionminimizedwas Lw(IFoI - IFcl)2
wherew is theweightof a reflection.At thisstage
a differencemapshowedthepositionsof nine
hydrogenatoms,includingH(I) whichis involvedin
hydrogenbonding.Accordinglythepositionalpara-
metersof H(1)wererefinedindependentlyof the
otherhydrogenatomswhichin turnwereconstrained
to be 1.08A fromtheircorrespondingparentatoms,
theirpositionsbeingdictatedby thegeometryof the
molecule.The methylhydrogenswererefinedas
rigidgroups.Theisotropictemperaturefactorsof the
hydrogenatomswererefinedas four singlepara-
meters,oneforthesalicylicacidhydrogens,onefor
the pyridineringhydrogens,one for the methyl
hydrogensandonefor H(I). Thistechniqueof con-
strainedleast-squaresrefinementusingbondlength
constraintsandlocationandrefinementof hydrogen
atomsisdiscussedbySheldrick[3].
TABLE I. Analysisof Variance.
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Theweightingschemeadoptedwasof theformw
= 1/(a2F+gF).The finalvalueof g=0.00029was
chosento givethesmallestystematicvariationof
wl::.2withthemagnitudeof F. Afterseveralc~clesof refinement,Rw = LwlhllFol - IFcll/Lw121Fol
convergedto 0.046withacorrespondingu weighted
R of 0.041.In thefinalcycletheaverageshift-to-
errorratiowas0.15indicatingsatisfactoryconver-
gencewhilea finaldifferencelectrondensitymap
hadnopeaks>0.64eA-3.TableI showsananalysis
of variancecomputedaftertherefinementprocess
hadbeencompleted.Atomicscatteringfactorsfor
theheavyatomswerethosefromCromerandMann
[4] andthoseforhydrogenwerefromStewartet
al. [5]. The scatteringcurvefor uraniumwascor-
rectedfor anomalousdispersion(I::.f'= -10.673,
M" =9.654,forMoKa).
The final atomicpositionaland thermalpara-
metersfor the non hydrogenatomsaregivenin
TableII whileTableIII liststhoseof thehydrogen
atoms.Theobservedandcalculatedstructurefactors
areavailablefromtheEditor.
All computationswereperformedattheComputer
Centreof theUniversityof CapeTownonaUnivac
1106computerwith the programsystemSHEL-X
writtenbyG.M.Sheldrick[3].
Descriptionof theStructureandDiscussion
Thestructureof thedimeris shownin Figure1
(Program:Pluto) [6]. The intramolecularbond
lengthsand anglesand theirassociatede.s.d'sare
givenin TablesIV and V respectively(SHEL-X).
TableVI lists computedleast-squaresplaneswith
theirequationsandthedistancesof variousatoms
from theseplanes.In all casesthe superscripted
atomsarecentrosymmetricallyrelatedto the cor.
respondingatomswithoutsuperscripts.
The structureis dimericand centrosymmetric.
Thetwouraniumatomsarebondedto twosalicylic
acidligandsthroughtheircarboxylic[0(6)and0(7)]
and phenolic [0(8i)] oxygen atoms(2.467(7),
2.563(7)and2.287(7)A respectively).TheU-0(81)
(a)As a functionof sinO
sinO 0.00-0.18-0.22-0.26 -0.28-0.30-0.32-0.34-0.35 -0.37 -0.38
N 230 211 290 178 234 208 285 144 344 65
V 208 180 159 193 196 198 197 242 219 185
(b) As a functionof (F/Fmax)1J2
(F/Fmax)1J20.00-0.22-0.29 -0.34-0.38-0.41-0.44-0.48-0.5 3-0.59-1.00
N 237 220 223 249 199 211 232 221 192 205
V 270 333 215 178 172 149 140 126 133 143
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Fig. 1. Structureof the dimerviewedperpendicularto V,
0(7), C(5). The solvatemoleculeshavebeenomitted for
clarity.
distance(2.287(7)A) is somewhatshorterthanthe
V-O bondlengthsnormallyfoundin uranylcom-
plexescontaining6 oxygenatomsin theequatorial
plane[7-9]. Neverthelessit is in agreementwiththe
sumof thePaulingcrystalradii(0.87+1.40A) [10]
aswellaswithV-O phenolicbondlengthsreported
for [N-N'-Ethylenebis(salicylideneiminato)](metha-
no1)dioxouranium(2.25and2.33A) [11]and[bis(N-
ethylenedimethylaminesalicylaldiminat0)dioxourani-
um(VI)](2.24and2.34A) [12].
Bridgingof the two uraniumatomsis .effected
via 0(6) and 0(61), wherethe V-O(61) bond
distanceis 2.425(8)A. Thebidentatenitrateligand
togetherwith the two uranyloxygenatoms0(1)
and0(2)makeeachuraniumatomeight-coordinate.
The twoV-O(nitrate)distances2.542(7)and2.496
(9) A maybecomparedwiththe2.53A reported
for bis(ethyl carbamate)dinitratodioxouraniuin(VI)
[13]andthetwodistances2.56and2.60A indioxo-
dinitratobis(triphenylarsineoxide)uranium(VI)[14].
TheV-O <;listanceswithinthebridgeformedby
0(6) and0(61)are2.467(7)and2.425(8)A respec-
tively.Thesearesomewhatshorterthantheother
V-O(1igand)bondsin whichtheoxygenatomsare
coordinatedto oneuraniumatomonly.Thelatter
V-O distanceshavevalues2.542(7),2.496(9)and
2.563(7)A. This samefeatureis displayedin the
molecularstructureof [(V02)2(OHhCh(H2O)4]in
whichthebridgingV-O distanceshaveameanvalue
of 2.37A whilethe remainingV-O(ligand)bond
lengthsvarybetween2.37and2.53A [15].
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TABLE II. Non HydrogenAtoms. FractionalAtomic Para-
meters(X 104) and ThermalParameters(A2 X 103) and
TheirRespective.s.d's.
Atom X Y Z V
V 1898(0) 880(0) 1284(0) a
C(1) 198(11) 1374(12) -1402(13) 42(2)
C(2) -602(10) 1420(11) -2815(12) 42(2)
C(3) -65(13) 1926(14) -3598(15) 52(3)
C(4) -761(12) 1856(14) -5048(15) 58(3)
C(5) -1999(13) 1271(15) -5740(16) 60(3)
C(6) -2533(12) 757(13) -4984(14) 54(3)
cm -1859(10) 834(11) -3485(12) 41(2)
C(8) -5006(14) 2849(16) -3214(18) 65(4)
C(9) -6102(14) 3756(16) -3147(17) 65(4)
C(10) -6740(12) 4090(12) -1997(12) 46(2)
C(11) -6260(13) 3450(15) -964(17) 62(3)
C(12) -5159(12) 2539(14) -1080(16) 61(3)
C(13) -8384(15) 5512(18) -625(19) 72(4)
C(14) -8295(15) 5608(17) -3037(19) 74(4)
N(1) -4600(10) 2243(13) -2236(12) 49(3)
N(2) -7776(11) 4991(12) -1908(13) 59(3)
N(3) 4406(11) 2395(13) 2626(14) 69(3)
0(1) 1309(9) 2460(10) 2776(11) 61(2)
0(2) 2516(9) -682(10) -206(11) 59(2)
0(3) 4197(9) 1439(10) 3010(11) 66(2)
0(4) 5450(18) 3096(20) 3271(22) 132(6)
0(5) 3503(11) 2661(13) 1669(14) 77(3)
0(6) -131(8) 670(9) -756(10) 55(2)
0(7) 1275(8) 2036(9) -633(9) 57(2)
0(8) -2430(7) 390(9) -2760(8) 38(2)
a The anisotropictemperaturefactorsareof the form: T =
exp[-21T2(V11a*2h2+Vnb*2k2 +V33C*2l2+2V23b*c*kl
+2VI3a*c*hl +2V12a*b*hk)]andhavevaluesVII =36(0),
Vn =51(0),V33 =42(0), V23 =28(0),VI3 =9(0),V12=
2(0).
TABLE III. HydrogenAtoms.FractionalAtomicCoordinates
(X 103)andThermalParameters(A2X 102)andTheire.s.d's.
Atom X Y Z V
----
H(1)b -416(12) 136(15) -266(13) 5(3)
H(3)b 90(1) 237(1)
307(2)}
H(4)b -36(1) 227(1) -564(2)
8(2)H(5)b -254(1) 120(2) -688(2)
H(6)b -349(1) 28(1) -554(1)
H(8)b -452(1) 261(2)
-411(2)}
H(9) -644(1) 422(2) -397(2)
17(6)H(11) -671(1) 369(2) -4(2)
H(12) -479(1) 205(1) - 28(2)
H(131) -912(2) 634(2) -68(2)
H(132)b -768(2) 603(2)
53(2)}
H(133) -880(2) 452(2) -77(2)
20(4)H(141)b -910(2) 637(2) -287(2)
H(142)b -825(2) 512(2) -426(2)
H(143)b -743(2) 625(2) -222(2)
b Hydrogenatomswhichwerefoundin differencesyntheses.
TAB LE V. IntramolecularBond Angles(0) andTheire.s.d's.
O(1)-V-O(2)
0(3)-V-0(5)
0(6)-V-0(7)
0(6)-V-0(6i)
0(6i)-V-0(8i)
V-O(3)-N(3)
0(3)-N(3)-0(5)
0(3)-N(3)-0(4)
N(3)-0(5)-V
V-0(6)-C(1)
V-0(6)-Vi
V-O(7)-C(1)
0(6)-C(1)-Q(7)
C(2)-C(3)-C(4)
C(3)-C(4)-C(5)
C(4)-C(5)-C(6)
C(5)-C(6)-C(7)
C(6)-C(7)-C(2)
C(6)-C(7)--0(8)
C(7)-0(8)-Vi
N(1)-C(8)-C(9)
C(8)-C(9)-C(10)
C(9)-C(10)-C(11)
C(10)-C(11)-C(12)
C(1l)-C(12)-N(1)
C(8)-N(1)-C(12)
C(9)-C(10)--N(2)
C(10)-N(2)-C(14)
C(10)-N(2)-C(13)
C(13)-N(2)-C(14)
178.7(3)
50.2(3)
50.3(2)
58.6(6)
68.3(5)
95.2(6)
116.9(9)
120 (1)
97.7(7)
99.6(5)
121.4(5)
96.0(5)
113.2(8)
120.5(9)
120 (1)
120 (1)
121.7(9)
117.0(8)
119.9(8)
138.2(7)
121 (1)
120 (1)
117.5(9)
120 (1)
119 (1)
122 (1)
120.4(9)
121.5(9)
122.4(9)
115.9(9)
The presenturanylU=O distancesare1.758(7)
and 1.766(7)A whichcomparefavourablywiththe
meanU=Odistanceof 1.79A in [(UOzMOH)ZCh-
(HZO)4]andwiththe 1.78A reportedfor another
dimericuranyl complex,di-M-acetato-bis(dioxotri-
phenylphosphineoxide acetate)dioxouranium(VI)
[16].
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TABLE VI. LeastSquaresPlanes.Deviations(A) of various
atoms from the planesare listed in squarebrackets.The
equationsof theplanesareexpressedin directspaceasPX +
QY + RZ =S.
Plane1: V, 0(3), 0(5), 0(6), 0(7), 0(6i), 0(8i)
-5.3875X'+4.3066Y+5.0968Z=-0.02585
[V 0.04,0(3) -0.08,0(5) 0.14,0(6) 0.0,
0(7) -0.11, 0(6i) 0.06,0(8i) -0.04,0(1) 1.79,
0(2) -1.73]
Plane2: V, 0(3), N(3), 0(5)
-5.2912X + 3.4961Y +5.9287Z =0.0652
[V 0.0,0(3) 0.0,N(3)0.0,0(5) 0.0,0(1) 1.75,
0(2) -1.76, Vi -0.13]
Plane3: V, 0(6), C(1),0(7)
-5.2378X +4.9876Y +4.3966Z =0.0287
[V -0.02,0(6) 0.04,C(1) -0.06,0(7) 0.04,
0(1) 1.73,0(2) -1.78, Vi -0.04]
Plane4: Vi, 0(6), C(1),C(2),C(7),0(8)
-4.7903X +5.4875Y + 3.9693Z =0.0567
[vi -0.14,0(6) 0.07,C(1) 0.05,C(2) -0.11,
C(7) -0.09,0(8) 0.22,0(1) 1.77,0(2) -1.72,
V 0.03]
Plane5: C(1),C(2),C(3),C(4),C(5),C(6),C(7),0(6),
0(7),0(8)
-4.2999X +6.9379Y+2.0965Z=0.5976
[C(1) -0.02, C(2) 0.06,C(3)om, C(4) -0.04,
C(5) -0.06, C(6) -0.03, C(7) 0.05,0(6) -0.23,
0(7) 0.13,0(8) 0.13,V -0.53, vi -0.66]
Plane6: C(8),C(9), C(10),C(Il), C(12),C(13),C(14),
N(1), N(2)
5.7558X+6.4458Y+1.0170Z=-2.1151
[C(8) 0.05,C(9)0.01,C(10) -0.02, C(11) -0.05,
C(12) -0.02, C(13)0.09,C(14) -0.04, N(1) 0.00,
N(2) -0.03,0(8) 0.69]
Anglesbetweenplanes(0 ):
2-310.4,2-413.2,3-43.5,1-519.0,1-661.2
The anglesubtendedat theuraniumatomin the
equatorialplanehavevaluesrangingfrom50.2to
68.9°.The uranylgroupmayberegardedaslinear
andnormalto theequatorialplane.
The largestdeviationof anyatomin theequa-
torialplane(planeI, TableVI) is thatof 0(7) at
a distanceof 0.11A. Thetwo4-memberedandone
6-memberedchelateringsareall planar(planes2,3
and4) andintersectatanglesof 1004,13.2and3.5°.
The salicylicacid ligand,however,is not planar
(plane5) as 0(8) is significantlyout of theplane
(0.22A). Indeedthisis to beexpectedif the0(6)-
0(8) "bite"issuitedtochelation.
Two dimethylaminopyridinemoleculesareasso-
ciatedwith thedimerviaN(1)-H(1)' --0(8)hydro-
genbonds(Figure2). For hydrogenbondingwe
adoptthecriteriond(H-B) < WH + WB- 0.2A
[17] whereWH andWBarethevanderWaalsradii
for hydrogen(1.2A) andtheacceptorB (0: 104A).
In thepresentstudytheN---0 andH.. -0 separa-
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TABLE IV. IntramolecularBond Lengths (A) and Their
e.s.d's.
V -0(1) 1.758(7) C(2)-C(3) 1.40(1)
V-0(2) 1.766(7) C(3)-C(4) 1.38(2)
V -0(3) 2.542(7) C(4)-C(5) 1.39(2)
V-0(5) 2.496(9) C(5)-C(6) 1.38(1)
V-0(6) 2.467(7) C(6)-C(7) 1.42(1)
V -0(7) 2.563(7) C(7)-0(8) 1.32(1)
V-0(6i) 2.425(8) N(1)-C(8) 1.32(1)
V-0(8i) 2.287(7) C(8)-C(9) 1.40(2)
O(3)-N(3) 1.26(1) C(9)-C(10) 1.40(1)
0(4)-N(3) 1.25(2) C(10)-C(11) 1.40(2)
0(5)-N(3) 1.25(1) C(11)-C(12) 1.41(2)
C(1)-0(6) 1.30(1) C(12)-N(1) 1.36(1)
C(1)-O(7) 1.26(1) C(10)-N(2) 1.34(1)
C(1)-C(2) 1.43(1) N(2)-C(13) 1.45(2)
N(2)-C(14) 1.47(2)
MolecularStructureof Uraniurn(VI)Complex
Fig. 2. Hydrogenbonding of the dimethylaminopyridine
moleculeto thedimer.
tionsare2.819and2.018A respectivelywhilethe
N-H...O angleis 146.2°.Thehydrogenbondinter-
actionoccurson the 0(1) sideof theequatorial
plane.Approachof the pyridineon theopposite
sideof this planeis not possiblebecauseof the
proximityof neighbouringdimers.The pyridine
moleculeis itselfplanar(plane6)andmakesanangle
of61.2°withplane1.
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